Comparing Two Different Approaches in Modeling Small Diameter Energy Wood Drying in Logwood Piles by Gernot Erber et al.
	 Original	scientific	paper
Croat. j. for. eng. 35(2014)1	 15
 
Comparing Two Different Approaches 
 in Modeling Small Diameter Energy Wood 
Drying in Logwood Piles
Gernot Erber, Johanna Routa, Marja Kolström, Christian Kanzian, 
 Lauri Sikanen, Karl Stampfer
Abstract
Moisture management is a key element to improving the cost-efficiency of energy wood supply, 
through the whole supply chain. Numerous studies of natural drying of forest biomass have 
been carried out based on traditional sampling of piles or weighing. The latest methodology 
for monitoring moisture changes has been continuous weighing of biomass in racks built on 
load cells. The aim of this study was to develop accurate drying models in Austria and Finland 
for small diameter logs and test the exchangeability of the developed models between countries. 
Overall drying periods were December 2009 to February 2011 for Austria and March 2012 
to June 2013 for Finland. Moisture content dropped from 50.1% to 32.2% (Austria) and from 
62.2% to 38.6% (Finland) during the drying periods. Drying performance was evaluated for 
the period April to October. Two different types of models were developed and the results were 
cross validated. It proved to be possible to fit satisfactory accurate drying models within the 
target deviation of ± 5% using both approaches. Whereas the Austrian approach is based on a 
more basic set of variables, the Finnish approach combines the variables within one. Both ap-
proaches are justified depending on the available data.










speed	 and	 rainfall	 (Kröll	 1978).	Kofman	 and	Kent	
(2009)	commented	that	wind	and	sun	exposure	are	the	
most	important	factors	for	drying.	Stokes	et	al.	(1993)	











significantly	 the	moisture	 content	 of	 energy	wood	
within	a	short	period	of	time	(Erber	et	al.	2012).	De-









pine	 (Pinus sylvestris	 L.).	Dry	matter	 losses	 can	 be	
caused	either	by	microbial	activity,	most	commonly	
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ent	 diffusivities	 of	wood	 and	 bark.	Murphy	 et	 al.	

















































Fig. 1 Study sites in Finland (left side) and Austria (right side) showing the experimental design
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beginning to measure the initial moisture content in 
the	laboratory.
Table 1 Parameters of the material and experimental site
Parameter Austria Finland
Total number of logs 208 ~ 150*
Average length, m 4.72 m ± 0.50 ~ 4 m ± 0.4*
Average diameter, cm 15.2 cm ± 5.3 ~ 15 cm ± 5*
Number of sample logs 42 6
Initial moisture content (analysis), % 47.2 61.5
Initial total load, kg 16 670 11 710
Elevation of the first layer above 
ground level, cm
30 45









ence	 evapotranspiration	 (ET0) according to the 
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Table 2 Limits for the valid range models based on Austrian and 
Finnish data: 10% and 90% quantile on daily basis
Basis TC, °C RH, % P, mm WS, m s-1 Net, mm
10% Austrian based 7.02 34.45 0.00 0.26 –5.73
90% Austrian based 21.83 89.84 9.03 0.79 4.08
10% Finnish based 0.43 57.00 0.00 1.38 –4.14
90% Finnish based 16.90 95.25 8.44 4.34 4.67
Table 3 Parameters estimate, Student’s t-test and summarized test 
statistics for the Austrian data based cumulative sum model
Coefficients Estimate Std. Error t value p value
Intercept 1.332 1.168 x 10–1 11.40 < 0.001
WS –5.452 x 10–2 1.977 x 10–2 –2.76 0.0063
RH 5.224 x 10–3 2.821 x 10–4 18.52 < 0.001
TK –1.283 x 10–3 9.101 x 10–5 –14.10 < 0.001
P 4.471 x 10–3 1.381 x 10–3 3.23 0.0014
Residual standard error: 0.507 on 209 degrees of freedom 
Multiple R squared: 0.991, Adjusted R squared: 0.991
F statistic: 5 788 on 4 and 209 DF, p value: < 0.001
Table 4 Parameters estimate, Student’s t test and summarized test 
statistics for the Finnish data based cumulative sum model
Coefficients Estimate Std. Error t value p value
Intercept 1.130 9.576 x 10–2 11.80 < 0.001
WS 6.851 x 10–3 4.262 x 10–3 1.61 0.110
RH 8.585 x 10–3 1.177 x 10–4 72.93 < 0.001
TK –2.940 x 10–3 6.561 x 10–5 –44.82 < 0.001
P 1.896 x 10–2 1.512 x 10–3 12.54 < 0.001
Residual standard error: 0.444 on 209 degrees of freedom 
Multiple R squared: 0.994, Adjusted R squared: 0.994
F statistic: 8 962 on 4 and 209 DF, p value: < 0.001
Table 5 Parameters estimate, Student’s t test and summarized test 
statistics for the Austrian data based net evaporation model
Coefficients Estimate Std. Error t value p value
Intercept 0.062 0.013 4.931 <0.001
net 0.020 0.002 10.137 <0.001
Table 6 Parameters estimate, Student’s t test and summarized test 
statistics for the Finnish data based net evaporation model
Coefficients Estimate Std. Error t value p value
Intercept 0.039 0.013 2.86 4.648 x 10-3







































curate	 as	 the	Austrian	 approach.	Mean	deviations	
of moisture content from the observed curve were 
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Fig. 2 Above: observed (solid lines) and modeled moisture content decrease curves (dashed and dashed dotted lines) for Austrian and Finn-

















G. Erber et al. Comparing Two Different Approaches in Modeling Small Diameter Energy Wood ... (15–22)
20 Croat. j. for. eng. 35(2014)1
Fig. 3 Above: observed (solid lines) and modeled moisture content decrease curves (dashed lines) for Finnish data applying Austrian data-














No analysis of wood density was carried out at the 
Finnish	site.	Hence	the	comparison	was	not	possible.
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When	 looking	 at	 the	 net	 evaporation	 approach	
models,	 a	wider	 range	 of	 the	Austrian	data	 based	
model	can	be	observed.	However,	satisfying	accuracy	
was	achieved	for	both	models.	The	Finnish	data	based	
model	 showed	 weaknesses	 in	 prediction	 during	
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